In the paper, comparative analysis of the semi-active suspension systems effectiveness towards the passive ones is studied. Several control laws are investigated depending on the analyses goals-comfort increasing, stability improvement or a realized compromise between them. There are suggested few implemented controller types, and their effectiveness is discussed. The influence upon the effectiveness of the damper nonlinear physical model is analyzed.
INTRODUCTION
The main goals of suspension synthesis of the vehicle are:
-to provide ride comfort, that is to protect the driver, the passengers and cargo against vibration impact due to irregularities of the road surface; -to reduce dynamic wheel forces, to gain enough dynamic steering stability and as a result, a better traction between vehicle wheels and road surface. The first goal is associated with reducing the amplitude of the vertical transferences and especially the vertical accelerations of the body mass of the vehicle. The second goal is associated with reducing the amplitude of the vertical displacements of vehicle's wheel mass and increasing the friction force.
The better comfort demands in principle a softer suspension, while the higher stability of the vehicle needs a harder suspension. On the other hand, decreasing the amplitude of vertical transferences of the vehicle body does not correlate equivalently with acceleration decrease. The passive approach at solving the problem is limited. Good results are achieved with semi-active suspension which does not add the energy to the system, but allows a continuous variation of the rate of energy dissipation using electro or magneto-rheological type dampers. The damping characteristic can be changed into certain limits by electro or magnet fields. These type vibro-protecting systems are sparing and reliable. A comparative analysis between passive and semi-active type suspension systems is made in the current paper. Some control approaches are investigated, taking into consideration the influence of physical characteristics of the actuators and associated non-linear effects.
PASSIVE SUSPENSION ANALYSIS
For purpose of analysis and control of the semi-active suspension of the vehicle, good results can be obtained using quarter car model. A quarter car model is enough physically adequate and with its simplicity is very appropriate for real time control synthesis. The obtained results can be easily adapted to more complex models. It is shown on the Fig.1 .
The degrees of freedom are: The excitation ξ is generated for discrete values of S with samples ∆S (m), and the intermediate values necessary for the numerical simulation are calculated by spline interpolation. The derivative of ξ is calculated using mean differences:
, where the increment of the time t is set to 0,001 s; 1 2 F , F r r are the forces transmitted through the tire to unsprung mass and respectively from it to the sprung mass.
The differential system of equation describing the model is:
[ ] T  T  1  2   1  1  2  2  1  2  2  1  2   2  2  2  2  2 q z z , U= ,
The state vector is:
and the output vector:
F is the dynamic normal component of the road interaction force.
The state-space presentation is obtained:
where matrices of the state A and the external excitations B are: 
0 2x2 -zero matrix 2х2, I 2 identical matrix.
The transfer function (TF) of the system is: Since the first input of the model (correspond to the elasticity of the tire) is the kinematical excitation and the second one (correspond to the damping of the tire) is it's derivative, these two inputs could be combined into one. Taking into account that
for the TF with respect to i-output value is obtained: The analysis showed that lower levels of damping cause higher vibration amplitudes in the range of resonance frequencies. At the same time they decrease the dynamics into between-resonance zone and provide a better comfort in this range. So for restriction of resonance phenomena and for better stability of the vehicle at high frequencies (respectively at high speed) the high damper ratio is needed. On the other hand with purpose of reducing the dynamics into between-resonance zone and for better driving comfort, the damping ratio should be diminished. This contradiction can be explained by the fact that due to phase shifting during the part of oscillation period the damper force has the same direction with the velocity of the body mass or to the wheel mass. In these periods instead to dissipate the energy, the damper directs it either to the body mass or to the wheel mass. This effect is more essential into between-resonance zone.
With the output variables' matrices -
are obtained the TF-s with respect to the velocities
Phase/frequency characteristics (PFC) ( ) increasing the frequencies this state is changed and duration of the periods when the forces act in the same direction is increased as well. For wheel mass, at low frequencies the force into damper has the same direction (phase) during longer part of the period of oscillation. At high frequencies, the vibration transferences at the body mass are decreasing and the force into the damper is opposed to the movement direction of the wheel mass.
Figures 4a and 4b show the time simulation results concerning correlation between movement direction of the mass and direction of the force from damper acting on them.
The diagrams show up the periods when both directions coincide and the damper directed energy to the corresponding mass.
Results from the modeling, for different values of damping coefficients are shown in Reference Table. The characteristics of the kinematical excitation are: H h =0,015m, L=7m, H s =0,005m, ∆S=0,35m. The motion is with acceleration a=1,1 m/s 2 to the maximal velocity V max =130km/h, and after this is established to uniform motion. The simulation period is T k =35s.
In the Reference Table with According to the analysis results, the increasing of the suspension damping coefficient b 2 lead to: -the resonance itself is decreasing and the transference of both masses; -the acceleration of the sprung mass increases, and for the unsprung onedecreases; -the dynamic tangent component F of the road interaction force decreases to a specified value of b 2 (respectively the stability), after this it begins to increase again; All these conclusions are confirmed from the amplitude/frequency characteristics from 
NATURE OF SEMI-ACTIVE CONTROL AND CONTROL LAWS
The problem with the upper contradictory influence of the damping coefficient could be solved by using semi-active dampers. Due to the change of a magnetic or electric field their damping coefficients vary between lower and upper boundaries
 . In the ideal model of this type of damping devices, the alteration of the damping coefficient is a linear function of the control signal (for MR dampers this is the current [ ]
When the main objective is increasing of the riding comfort and the damper force acts in same direction with sprung mass movement the control signal is zero and the damping coefficient receives its minimal value:
This control type is known in the literature as "Skyhook". When the main objective is increasing of the vehicle stability and the damper force acts in same direction with unsprung mass movement the control is:
This control type is known in the literature as "Groundhook".
The "Hybrid" (compromise) logic would take the following form:
[ ] 
where i on is the on state control current, α is the compromise factor.
This logic embraces the other two types of control -when α=1 the control will be Skyhook, analogically when α=0 -Groundhook control. The optimal value for α is determined by multi-criteria optimal synthesis [Genov J., 2004] .
Semi-Active Controllers
Discrete "On -Off" controller The control signal i takes only two values: 0 or i max .
According to the logic (9), the damping coefficient takes discrete value and the control law is:
The structure of On-Off controller is represented in the environment of MatLabSimulink - Fig. 5 . The results of the numerical simulation for b l =780, b u =2230 Ns/m are shown in Reference Table. Comparing the results with these in Reference Table, for passive insulation, shows the effectiveness of semi-active control. The reduction of the transference of the sprung mass during Skyhook control is almost double. Analogically for the unsprung mass, the results are also better. Main disadvantage is the small increasing of the acceleration of the upper (sprung) mass. This negative effect is caused by the fast switching of the damping coefficient, equivalent to internal impacts for the system.
Continuous control law proportional to the absolute velocity (Vabs controller)
These controllers aim to decrease the negative effect during fast switching. For this type the idea is to emulate a damper hooked in a fictional point in the sky:
and for Groundhook:
where K s and K g are the emulation coefficient. From the upper case, the control signal is:
Physically the nature of the semi-active suspension control lays is limited by
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The emulation coefficients K s and K g define the dynamics of control. Increasing the values of the coefficients, this control type will correspond to the discrete one, lowering will limit the functionality of the damper. So an optimization procedure is suggested to define the best values for K s and K g.
We suggest an optimizing modification of this control:
In (12), i s and i g are calculated according the dependencies (11). The main idea is to force the control in cases of fast velocity change.
For preventing the fast switches on the regulator output is added, a first order filter with time-constant -T f and TF - 
are the coefficients of the PID controller.
In Reference Table are shown the results from the modeling. The analysis shows better results than Vabs controller during Groundhook and Hybrid control, but there is insignificant increasing of the sprung mass acceleration.
PHYSICAL AND MECHANO-MATHEMICAL MODEL OF THE SEMI-ACTIVE DAMPER Physical Basis of the Behavior of the MR and ER Fluids
MR and ER fluids are suspensions comprising some base fluid (most often silicon oil) and electro-polarized or respectively magnet-polarized particles, some micrometers in size. The fluids include also some ingredients aimed at decreasing the solidification, stratification, precipitation and other alterations with time. where: k, J/K-Boltzmann constant; T-temperature in 0 K; p 1 -magnetic momentum, characterizing the spin of the electron along it's axis. When external magnetic field is applied, the induction of the local magnetic fields, acting upon the spin magnetic momentums is: . This effect comes from the increasing continues to lengths of 10 -3 ÷10 -5 mm and the amount of the atoms in it is 10 6 ÷10 9 . After this due to the external parallel orientation that do not coincide with the ferrite crystals axes, the increasing ceases. A microscope photo of the formed domains is shown on Fig. 7 . The dependencies (16) and (17) are nonlinear and influent from the magnetic history (hysteresis) Fig.8 .
Mechano-Mathemical Model of the MR Damper
The above mentioned paragraph demonstrates that some non-linear effects in characteristic of the MR damper exist. When shearing effort is applied and shearing stress is smaller then the value y τ when the domains are torn, the fluid becomes plastic. If the value of the shearing stress become higher than y τ , the fluid becomes 
Plastic model of Bingham [3]
This model (Fig. 8) is fundamental when behavior of the rheological fluids is described. It was proposed for the first time by Philips R.W. in 1969.
According to this model the force into the damper can be accepted as a result of combination of a parallel acting viscose damper and damper with a constant value of the force of dry friction f c - Fig.9 . A disadvantage of the model is that for values of the stress less than y τ it does not take in account the relevant elastic deformation, slipping between dipole chains and hysteresis during magnetizing and formation of the domains.
Modified model of Bouc -Wen -Spencer (BWS) [1]
This 
The evolutionary variable is obtained from equation: 
where γ , β, ρ and χ are hysteresis form coefficients.
The characteristics of the model depend on the magnetic field alternation, respectively from the control current i is a function rendering the process of the rheological equilibrium:
where: i -control current, r τ -time constant of the process. Table 1 . BWS model parameters
The parameters of the model were identified for MR damper of "LORD Corporation"-USA RD-1005-3 - Fig.11 . After numerical solution of the optimization using least squares, were identified the parameter values of the model Table 1 .
Model of the Control Electrical Chain of MR Damper, Fig.12
Here R is the active resistance of the control coil and the supply cable; L -inductivity of the control coil; U 0 -supply voltage; U contr -control voltage. The control current is defined by the following equation: 
SEMI-ACTIVE CONTROL WITH GIVING AN ACCOUNT ON THE MR CHARACTERISTICS

Influence of the damper characteristics upon the semi-active control
The results are shown in Reference Table. The transferences are near to these of the linear damper, but the acceleration of the sprung mass and the dynamic friction force increase significantly. Similar change for worse of the quality criteria of the semi-active suspension is observed on the other controllers.
Semi-active control with giving an account on the MR characteristics
In order to reduce this negative effect, to the controllers is added a model of linear semi-active damper and its inverse model. The model (3) can be represented as:
where A ' is calculated for
Principle scheme of the control is shown on the Fig. 16 . During the simulation of already trained neural network is initiated external recursion. For the purpose the input data u(k) and u(k-1) are replaced by ˆû(k) и u(k 1) − from the network output. The effectiveness of the suggested approach is illustrated with On-Off controller "Skyhook" type Reference Table. The authors considered that there is not necessary to illustrate the effectiveness of the NN modeling with "groundhook" and "hybrid" control laws. This suggestion is made because by the analogy of the above mentioned analysis of the differences between the control laws. This step may be included into future development of a laboratory test bench.
As it could be seen from the Reference Table, the NN model of the MR damper suspension gives very good results near to an ideal damper. There is also another big advantage of NN based models and respectively control -the computational time. The time for solving the equations of MR damper, after taking into account the phenomenological BWS model, is very long. The analogical NN approximation of the plant model takes several seconds for computation. This is important point when analyzing data set in real time and building a real time control scheme for a test bench. 
